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WUDQVPLWWHGWKURXJKVDWHOOLWHDORQJZLWKORFDWLRQUHIHUHQFHWRWKHVKRUHVWDWLRQIDFLOLW\>@7KHPDMRUDSSOLFDWLRQVRI
WKHVH EXR\V LQFOXGHZHDWKHU SUHGLFWLRQ DQG HDUO\ F\FORQHZDUQLQJ 7KH EXR\ FRQVLVWV RI D KXOOZKLFK IRUPV WKH
IORDWLQJSDUWRIWKHEXR\ZKLFKLVILWWHGDURXQGDF\OLQGULFDOSDUWNQRZQDVWKHLQVWUXPHQWKRXVLQJ7KHLQVWUXPHQW
KRXVLQJKROGVWKHYDULRXVVHQVRUVEDWWHU\SDFN&38HOHFWURQLFPRGXOHVDQGYDULRXVGHYLFHVIRUWKHSURFHVVLQJDQG
WUDQVPLVVLRQRIGDWD$WSUHVHQWWKHPDWHULDOXVHGIRULQVWUXPHQWKRXVLQJLVVHDZDWHUUHVLVWDQW$OXPLQLXP7
ZKLFK FRVWV DERXW  ODNKV > @7KLV LV SURQH WRJDOYDQLF FRUURVLRQZKLFK FDXVHVSLWWLQJ ,W KDV WREHSRZGHU
FRDWHGDQGSDLQWHGUHJXODUO\ZKLFKLQFUHDVHVWKHPDLQWHQDQFHFRVWV,WLVDOVRKHDY\WRKDQGOH>@
,Q UHFHQW SDVW FRPSRVLWHV KDYH EHHQ DGRSWHG LQ DSSOLFDWLRQVZKHUHZHLJKW DQG FRUURVLRQ DUH WR EHPLWLJDWHG
HVSHFLDOO\LQPDULQHDSSOLFDWLRQV>@)HZVWXGLHVRQXWLOL]LQJ*)53IRULQVWUXPHQWKRXVLQJDUHDYDLODEOH>@EXWDUH
QRWVXIILFLHQWWRHVWDEOLVKZLWKFRQILGHQFHWKHIHDVLELOLW\RIWKHVHFRPSRVLWHVIRULQVWUXPHQWKRXVLQJ
&RPSRVLWH LQVWUXPHQW KRXVLQJPDGHRI JODVV ILEUH YLQ\O HVWHU LQVWHDGRI DOXPLQLXP WR WDNH WKH DGYDQWDJH RI
OLJKWZHLJKWDQGFRUURVLRQUHVLVWDQFHLVSURSRVHG7KLVDOVRKHOSVLQUHGXFLQJWKHFRVWRIPDLQWHQDQFHDQGLQFUHDVLQJ
WKHRSHUDWLRQDOOLIH>@$QDWWHPSWLVPDGHWRHVWDEOLVKWKHIHDVLELOLW\RIFRPSRVLWHLQVWUXPHQWKRXVLQJE\PRGHOLQJ
DQGDQDO\VLVRIVWUHVVHVGXHWRFRPSUHVVLYHORDGVLQGXFHGGXULQJVHUYLFHFRQGLWLRQV
$QDO\VLV
)LJVKRZVW\SLFDOLQVWUXPHQWKRXVLQJXVHGLQPRRUHGGDWDEXR\ZKLFKLVPDGHXSRIDOXPLQLXP7DOOR\
ZKLFKKDVDVWREHUHSODFHGE\DFRPSRVLWHF\OLQGHU

)LJ)LJXUHVKRZLQJDW\SLFDO,QVWUXPHQW+RXVLQJXVHGLQPRRUHGGDWDEXR\V
$JODVVILEUHUHLQIRUFHGYLQ\OHVWHUFRPSRVLWHF\OLQGHUPDQXIDFWXUHGE\ILODPHQWZLQGLQJLVFRQVLGHUHGDVWKH\
RIIHU FRQVLVWHQF\ LQTXDOLW\EHFDXVHRIPHFKDQL]HGZLQGLQJSURFHVV >@7KHYLQ\O HVWHUPDWUL[SURYLGHVJRRG
FRUURVLRQUHVLVWDQFHVXSHULRUVWUHQJWKDQGWRXJKQHVV(*ODVVILEUHLVXVHGDVWKHUHLQIRUFHPHQWGXHWRLWVFRVWDQG
JRRGVWUHQJWK>@7KHGLPHQVLRQVRIWKHF\OLQGHUVHOHFWHGDUHDSSURSULDWHIRURXUXVHDVLQVWUXPHQWKRXVLQJ7KH
VSHFLILFDWLRQVRIVDPSOHF\OLQGHUFXWDUHVKRZQLQWDEOH

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
*HQHUDOO\ IRU F\OLQGHUV VXVWDLQLQJ SUHVVXUHV GLIIHUHQWZHDYLQJ SDWWHUQ IRU LQWHUPHGLDWH DQG H[WUHPH SOLHV DUH
VXJJHVWHG%DVHGRQWKHVHIROORZLQJZHDYLQJSDWWHUQVDUHFRQVLGHUHG
x 8QLIRUPRULHQWDWLRQIRUDOOSOLHV
x RULHQWDWLRQIRULQQHUDQGRXWHUSOLHVDQGRULHQWDWLRQIRUPLGGOHSOLHV
 $QDO\VLV RI WKH FRPSRVLWH F\OLQGHU WR EH XVHG DV LQVWUXPHQW KRXVLQJ LV FDUULHG RXW LQ$%$486 FRPPHUFLDO
VRIWZDUHSDFNDJH7KHYDULRXVFRQVLGHUDWLRQVWDNHQIRUWKHDQDO\VLVRIWKHLQVWUXPHQWKRXVLQJLVH[SODLQHGEHORZ
 $'GHIRUPDEOHVROLGFRPSRVLWHPRGHOLVFUHDWHGZLWKWKHH[DFWGLPHQVLRQVLQWKHSDUWPRGXOHRI$%$486
)LJDUHSUHVHQWVWKHPRGHORIWKHF\OLQGHUFUHDWHGLQ$%$486
0DWHULDO SURSHUWLHV DQG VHFWLRQ DUH GHILQHG LQ WKH SURSHUW\ PRGXOH DV IROORZV 2UWKRWURSLF SURSHUWLHV
FRUUHVSRQGLQJ WR JODVV ILEUH YLQ\O HVWHU FRPSRVLWH DUH DVVLJQHG WR GLIIHUHQW SOLHV LQ WKH F\OLQGHU XVLQJ PDWHULDO
SURSHUW\ PRGXOH 7KHVH SURSHUWLHV DUH GHWHUPLQHG H[SHULPHQWDOO\ E\ WHVWLQJ JODVV ILEUH YLQ\O HVWHU VDPSOHV
)ROORZLQJ WZR FRQILJXUDWLRQV DUH VHWXS IRU ILEUH RULHQWDWLRQ XVLQJ FRPSRVLWH OD\XS PDQDJHU ,Q WKH ILUVW
FRQILJXUDWLRQDOOOD\HUVFRQVLGHUHGDUHDVVLJQHGRULHQWDWLRQ,QWKHVHFRQGFRQILJXUDWLRQH[WUHPHWZRSOLHV
DUH DVVLJQHG  DQG LQWHUPHGLDWH  SOLHV DUH FRQVLGHUHG DV  RULHQWDWLRQ 7KH VWDFNLQJ GLUHFWLRQ DQG WKH
URWDWLRQ D[LV DUH VHOHFWHGZLWK DSSURSULDWH FRRUGLQDWH D[LV )LJ E GHSLFWV WKH SO\ VWDFNLQJ RULHQWDWLRQ DORQJ WKH
WKLFNQHVVGLUHFWLRQRIWKHFRPSRVLWHF\OLQGHU
)LJD)LJXUHVKRZLQJWKHPRGHORIWKHFRPSRVLWHF\OLQGHUFUHDWHGLQ$%$486E)LJXUHGHSLFWLQJWKHSO\VWDFNLQJRULHQWDWLRQDORQJWKH
WKLFNQHVVGLUHFWLRQ
6WHS PRGXOH LV XVHG WR GHILQH WKH VHTXHQFH RI DQDO\VLV VWHSV 7ZR VWHSV DUH FUHDWHG IRU LQLWLDO ERXQGDU\
FRQGLWLRQVDQGVWDWLFFRPSUHVVLYHORDGVUHVSHFWLYHO\,WKHOSVLQSURYLGLQJDFRQYHQLHQWZD\WRFDSWXUHFKDQJHVLQ
WKHORDGLQJDQGERXQGDU\FRQGLWLRQVRIWKHPRGHO2XWSXWUHTXHVWVDUHDOVRVSHFLILHGLQWKHVWHSPRGXOH
1RGDOORDGVDQGERXQGDU\FRQGLWLRQVDUHDSSOLHGLQWKHORDGPRGXOH'LVWULEXWHGSUHVVXUHIRUFHVDUHDSSOLHGDW
RQHHQG7KHRWKHUHQGLVIL[HGE\FRQVWUDLQLQJDOOGHJUHHVRIIUHHGRPDVUHSUHVHQWHGLQ)LJD/RDGVDUHYDULHG
IURP N1 WR N1 ZLWK DQ LQWHUYDO RI N1 7KH ORDG OLPLW RI N1 LV FKRVHQ E\ UHYHUVH LWHUDWLRQV
FRQVLGHULQJ WKHFRPSUHVVLYHVWUHVVRI*)9(DV03D >@ZKLFKDFWVRQ WKHFRUUHVSRQGLQJFURVV VHFWLRQRI WKH
F\OLQGHU
0HVKLQJ LVGRQHZLWKDQDSSUR[LPDWHJOREDOVL]HRIPIL[HGDIWHURSWLPL]DWLRQRIPHVKVL]H+H[DJRQDO
PHVKLVXVHGVLQFHWKHVKDSHLVOHVVFRPSOH[7KHPHVKHGF\OLQGHULVVKRZQLQILJE-REPRGXOHLVXVHGWRFUHDWHD
MREIRUDQDO\VLVDQGPRQLWRU WKHSURJUHVV6WDWLFVWUHVVDQDO\VLV LVGRQHIRUVROYLQJ WKHSUREOHPE\QHJOHFWLQJ WKH
LQHUWLDOHIIHFWVDQGLJQRULQJWKHWLPHGHSHQGHQWPDWHULDOHIIHFWV5DWHGHSHQGHQWSODVWLFLW\DQGK\VWHUHWLFEHKDYLRU
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DUHWDNHQLQWRDFFRXQWIRUVROXWLRQ6WUHVVUHVXOWVREWDLQHGIURPVROXWLRQDUHUHFRUGHGDQGWKH\DUHGLVFXVVHGLQWKH
IROORZLQJVHFWLRQ
)LJD)LJXUHGHSLFWLQJERXQGDU\DQGORDGLQJFRQGLWLRQVE)LJXUHVKRZLQJWKHPHVKHGLQVWUXPHQWKRXVLQJ
5HVXOWVDQGGLVFXVVLRQV
6WUHVVHV FRPSXWHG LQ WKH F\OLQGHU DUH SORWWHG RQ WKH FURVV VHFWLRQ RI WKH F\OLQGHU )LJ  UHSUHVHQWV WKH
GLVWULEXWLRQRIVWUHVVLQWKHERWWRPSRUWLRQRIWKHF\OLQGHUZKHUHPD[LPXPVWUHVVLVUHFRUGHGIRUDFRPSUHVVLYHORDG
RIN16WUHVVHVLQGXFHGLQWKHF\OLQGHUDUHVWXGLHGIRUFRPSUHVVLYHORDGVIURPN1WRN1LQVWHSVRI
N1LPSRVHGRQWKHDQQXODUFURVVVHFWLRQRIWKHLQVWUXPHQWKRXVLQJ

)LJ)LJXUHVKRZLQJWKHGLVWULEXWLRQRIVWUHVVHVDWWKHQRQORDGLQJHQG
9RQ0LVVHV6WUHVVHVLQGXFHGLQHDFKSO\DUHSORWWHGDVVKRZQLQILJ,WFRXOGEHREVHUYHGIURPILJDDQGE
WKHYDULDWLRQRIVWUHVVHVDORQJWKHSOLHVLVVDPHEXWWKHPDJQLWXGHRILQGXFHGVWUHVVGLIIHUV
)LJD3ORWRIVWUHVVDWHDFKSO\DORQJWKHDQQXODUWKLFNQHVVIRUN1E3ORWRIVWUHVVDWHDFKSO\DORQJWKHDQQXODUWKLFNQHVVIRUN1
)URPWKHVWUHVVSORWV)LJD	ELWLVREVHUYHGWKDWWKHLQQHUDQGRXWHUOD\HUVDUHH[SHULHQFLQJPRUHVWUHVVDQG
WKHPLGGOH OD\HUVDUHH[SHULHQFLQJ OHVVVWUHVV7KLVPLJKWEHGXH WR WKHUHVROXWLRQRI ORDGDORQJ WKH OD\HUHG
SOLHV7KXVWKHHIIHFWLYHFRPSUHVVLYHVWUHVVLVUHGXFHGLQWKHORDGLQJGLUHFWLRQIRUWKHLQWHUPHGLDWHSOLHVFRPSDUHGWR
946   Pravan Raj et al. /  Procedia Technology  25 ( 2016 )  942 – 947 
WKH H[WUHPH SOLHV 7KH VDPH FRXOG EH REVHUYHG IURP )LJ  D E	F0D[LPXP VWUHVV SRVLWLRQ JHWV VKLIWHG RQ
DFFRXQWRIFKDQJHLQILEUHRULHQWDWLRQREVHUYHDDQGEWKXVORZHUVWUHVVHVLQLQWHUPHGLDWHOD\HUVDUHMXVWLILHG,Q
)LJFLWFRXOGEHREVHUYHGWKDWWKHPDJQLWXGHRIVWUHVVLVYHU\KLJKDQGLVEH\RQGWKH\LHOGVWUHQJWKRI*)9(>@
7KXVWKHIDLOXUHRIWKHF\OLQGHULVH[SHFWHGWRFRPPHQFHIURPWKHH[WUHPHSOLHV


)LJ)LJXUHVKRZLQJWKHVWUHVVFRQWRXUSORWD3O\ZLWKRULHQWDWLRQE3O\ZLWKRULHQWDWLRQF3O\ZLWKRULHQWDWLRQ

+LVWRJUDP RI DYHUDJH VWUHVVHV IRU WZR GLIIHUHQW SO\ FRQILJXUDWLRQV FRQVLGHUHG LV VKRZQ LQ )LJ  ,W FRXOG EH
REVHUYHGWKDW WKHDYHUDJHFRPSUHVVLYHVWUHVV LQGXFHGLQF\OLQGHUZLWKDOOSOLHV LV OHVVFRPSDUHGWR WKHRWKHU
FRQILJXUDWLRQLHIRUH[WUHPHSOLHVDQGIRULQWHUPHGLDWHSOLHVDQGWKHQHDW9(YLQ\OHVWHU7KHFRVWRI
OD\HUHGSODLQF\OLQGHUPDQXIDFWXUHGLVDERXWODNKV:LWKIODQJHVDQGRWKHUDWWDFKPHQWVWKHSULFHZLOOEH
ODNKVDSSUR[
)LJ6WUHVVFRPSDULVRQSORWIRUGLIIHUHQWFRQILJXUDWLRQVXQGHUFRPSUHVVLYHVHUYLFHORDGV
&RQFOXVLRQ
7KLVZRUNDWWHPSWVWRGHPRQVWUDWHWKHEHKDYLRURIWKH*)9(F\OLQGHUXQGHUFRPSUHVVLYHVHUYLFHORDGVDQGWKH
QDWXUHRIH[SHFWHGIDLOXUHV$FRPSDUDWLYHVWXG\ZLWKQHDWYLQ\OHVWHU*)9(ZLWKDOORULHQWDWLRQDQG*)9(
ZLWKDWWKHH[WUHPHSOLHVDQGDWWKHLQWHUPHGLDWHSOLHVUHYHDOVWKDWWKHVWUHVVHVLQGXFHGLQF\OLQGHUZLWK
DOORULHQWDWLRQLVOHVV WKDQWKHFRQILJXUDWLRQZLWKERWKDQGDW WKHH[WUHPHDQGLQWHUPHGLDWH
SOLHV UHVSHFWLYHO\7KXV LW FDQEH FRQFOXGHG WKDW D OD\HUHG*)9(FRPSRVLWHZLWK DOO RULHQWDWLRQ LVZHOO
VXLWHGIRUWKHXVHLQLQVWUXPHQWKRXVLQJFRPSDUHGWRWKHRWKHURULHQWDWLRQFRQVLGHUHG
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